Purpose: To describe corneal endothelial cell density and morphology in healthy Chinese eyes.
A healthy corneal endothelium is essential for corneal optical transparency. 1 Because active mitoses in a normal corneal endothelium are unusual, gradual attrition in cell density with age has been described in the general population. 2, 3 In the absence of a proliferative response to cell loss, endothelial cover of the posterior corneal surface is maintained by a gradual increase in the size of the remaining cells, resulting in increased cellular pleomorphism and a decrease in the percentage of hexagonal cells with age. [2] [3] [4] [5] Knowledge of these changes in a healthy population is important because this information would have relevance in the clinical care of patients and research studies. Studies reported in literature reveal important differences in these parameters in Indian, Filipino, Japanese, and American populations. [6] [7] [8] To the best of our knowledge, such data are not available in the Chinese population, and this prospective study reports endothelial cell characteristics in healthy Chinese eyes and describes the rate of endothelial cell loss with increasing age.
MATERIALS AND METHODS
Seven hundred volunteers participated in this prospective study. The volunteers were members of staff or outpatients at the Joint Shantou International Eye Center of the Shantou University and the Chinese University of Hong Kong-a tertiary eye care center in Guangdong province, China. Exclusion criteria included history of intraocular surgery or ocular trauma, increased intraocular pressure, uveitis, corneal opacity, evidence of endothelial dystrophy on slit-lamp biomicroscopy, and diabetes mellitus. The study was approved by the hospital's Review Board and Ethics Committee, and all participants signed an informed consent. Routine ocular examination was performed, and if the participant was found to be suitable for the study, corneal endothelial evaluation was performed using a noncontact specular microscope (Noncon Robo SP-9000; Konan, Hyogo, Japan).
The Konan Noncon Robo is a noncontact specular microscope with an autofocus device. The image of the endothelium is obtained on an incorporated screen. After a clear image of the central endothelium was captured, the centers of at least 100 contiguous endothelial cells were marked using software available in the system, after which the computer performed an automated analysis of the cell parameters that were displayed on the screen and obtained as a printout.
Parameters recorded from the system included endothelial cell density, average cell area, coefficient of variation (CV) of cell area, and percentage of hexagonal cells. Cell density was recorded as the number of cells per square millimeter. The mean cell area and CV of cell area (SD divided by mean cell area) were used as indices of variation in cell area (polymegethism). The percentage of hexagonal cells in the analyzed area was used as an index of variation in cell shape (polymorphism).
Statistical analysis of endothelial cell characteristics was performed using data from the right eye of each subject. Regression analysis was used to determine the change in endothelial cell characteristics with age, and the unpaired t test was used to compare cell densities in men and women.
RESULTS
The endothelial characteristics of 1329 eyes of 700 Chinese subjects were analyzed. Participants in the study ranged in age from 10 to 98 years (mean, 44 6 21 years), with a slight female preponderance (311 men and 389 women). For the purpose of comparison, subjects were divided by decade of age, and this resulted in 7 subgroups, starting from the second decade (11-20 years; Table 1 ). Data from both eyes were used to compare the characteristics of endothelium in fellow eyes of patients (Table 2) . However, to avoid problems with intrapatient correlation of data from fellow eyes, endothelial cell characteristics from the right eye of patients are reported.
The mean endothelial cell density in this study was 2932 6 363 cells/mm 2 (range, 2739-3308 cells/mm 2 ). The mean cell area was 347 6 46 mm 2 , mean CV was 33 6 5, and mean percentage of hexagonal cells was 59 6 9%. None of these parameters was significantly different between fellow eyes of subjects ( Table 2 ). As shown in Table 1 , mean endothelial cell density decreased from a value of 3308 6 356 cells/mm 2 in the second decade of life to 2778 6 365 cells/mm 2 in subjects older than 70 years. A statistically significant decrease in cell density with increase in age was observed (P , 0.001; correlation, 20.435). The rate of cell loss in each decade of life was studied (Table 3) . In general, a gradual decrease in the rate of cell loss was noted with advancing age (except for the fifth and sixth decades of life). The highest rate of loss was noted in the second decade of life in this study population (0.97%). Comparing endothelial cell density between men and women, we found slightly higher values in men in all age groups, although the difference approached statistical significance only in those 61 to 70 years of age (Table 4) . A significant increase in cell area (P , 0.001; correlation, 0.411), decrease in CV in cell size (P , 0.001; correlation, 0.251), and reduction in the percentage of hexagonality (P , 0.001; correlation, 20.241) with increase in age was noted.
DISCUSSION
Our data on the characteristics of the corneal endothelium in a sample of healthy Chinese subjects reveals trends similar to those reported for other ethnic groups. [6] [7] [8] The oldest subgroup in our study (.70 years) had a mean corneal endothelial cell density of 2778 6 365 cells/mm 2 . This finding indicates that there is sufficient endothelial cell reserve to serve the rest of the person's lifespan and concurs with previous studies that estimated corneal endothelial cell halflife times of 277 9 and 224 years. 10 The annual rate of cell loss for the study population was 0.3% per year, similar to that described in other cross-sectional studies (0.3%-0.5% per year) that used a similar method of linear regression analysis. 9, 11 We, however, noted a variation in the cell loss rate in different age groups with, in general, a higher loss of cells in the younger subjects. The reason for this increased rate of cell loss in younger eyes is not clear, and this may be related to a redistribution of the endothelial cells in these eyes with corneal growth. A similar phenomenon is also evident in studies of the healthy corneal endothelium in other populations. [6] [7] [8] Because the rate of loss in the youngest age group studied in our series was higher than in the other decades of age, linear regression analysis may overestimate the actual rate of cell loss. When this group is excluded, the rate of cell loss is 
